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Calorimetry

111

refers to the detection of particles, and measurement of their
properties, through total in a block of matter, called a

7

[R. Wigmans, 2000]

The most energetic particles in modern accelerator
experiments are measured in units of TeV

| TeV=10" eV
whereas

| | calorie ~ 10" TeV

—
1

Sophisticated methods are needed to

ise i ~ iaible!
Rise in temperature ~ negligible! = determine the particle properties
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Calorimeter Types

Some calorimeters are built
in two sections:

e Electromagnetic: riner
segmentation, smaller volume,

enough to contain an ed&m Solenoidal magnet
shower, electronics are usually
more precise, EM calorimeter
¢ Hadronic: Coarser Hadron calorimeter
segmentation, larger volume to U
contain a hadronic shower, Muon detector
usually worse resolution than \
the e&m section. e
, o 1 UP ;
Calorimeters can g~y "> —~~P| Fig. 1.1 Endview cross-section of
also be: — 1 ‘ the ATLAS detector

e Sampling: Particle absorption and signal generation are exercised by different

materials:
active medium: generates the light that forms the basis for the signals (crystal,
plastic,...), passive medium: usually a high density material that absorbs the

oarticle (copper, lead, iron, ...)

® Homogeneous: tntire volume Is sensitive to the particles and may contribute to
the signals generated by the detector. .
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Principle of Operation

® Incoming particle initiates particle shower: \When a particle traverses
matter, it will generally interact and in doing so.

eEnergy is deposited in the calorimeter, in form of , ,
, (different calorimeter types use different

detection mechanisms to measure the deposited energy)

For e&m showers,

Fig. 1.2. Shower development

Detection Mechanisms

e Scintillation light: produced when excited atoms return to ground
state.

e Cerenkov light: produced when a charged particle travels faster than
the speed of light in a certain medium.
V I

p=—>—
C n

Fig. 1.3. Cerenkov light in water-cooled reactor ©
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Average value of Electromagnetic Fraction (/..

20.0 GeV & incident in a BGO calorimeter

Component of the hadronic shower that
propagates electromagnetically.

Nr of Evts.
\‘
o

—< Average e&m fraction
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e Some people defines it as the energy deposited in
the calorimeter by means of the kinetic energy of 7''s

3]
o

e For this study, we define it as the energy

N
o

deposited by any electromagnetic-interacting

-
o

particle:

B

o

OrTTTT
o
=
o
N

The electromagnetic fraction varies strongly from event to event. Possible explanations include:

® Processes occurring in the

e The average fraction of the initial hadron energy converted into neutral pions increases with energy.

° induces a smaller electromagnetic fraction proton-induced showers
than in pion-induced showers.
© - c N
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Dual Readout Calorimetry

Measurement of both the and the signals generated by a
nadronic shower I order to determine on an the
of the shower and so to cancel/correct for this source of fluctuation that degrades the
en@rgy reSO‘UTiOD Of J[h@ Ca‘Orimeter- BGO calorimeter, Physics list FTFPBERT, 1000 events
..(Q — l:l 20.0 GeV «” scint. response after DRC
GC) 35 __ - 20.0 GeV x” scint. response before DRC
Th @ ]COI/ E : 20.0 GeV nt” scint. response after DRC w/ sampling
| o —
and signals can Dbe 5 30— o
described as (respectively). - Mean - 19.92
25—
: - Relative energy
S _ _ / 20:— resolution (%): 3.4 Relative energy
E — f em”€ + (l - f em) L - 5 0.64 N resolution (%): 5.57
15 | Mean : 18.55
C B o:1.11
M > ’ [ ) Mean : 19.92
— f('m.(' + (l - fem)hC 10: / -
51—
where e 18 usually set to unity since 0 e Cl Dy
: 17 18 19 20 21 22 23
We for this response to be E[GeV]
equal to one. By doing this and then
taking the ration of both response - (1= hy) C/ (1-h)
. - tc) — ' - Ity
equations  we  can F—g§ 5 forh, < h,
from the h -h,

electromagnetic fraction: - _
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Motivation for a Homogeneous lotal Absorption
Dual Readout Calorimeter

The next generation of lepton collder detectors will emphasize on precision for all sub-detectors
systems:

® A benchmark of this new type of calorimeter would be to be able to distinguish W and
Z vector bosons in their hadronic decay mode.

This reguires a di-jet mass resolution better than the natural width of these bosons and hence a et
energy resolution better than 3%. ..

® The use of Cerenkov light might provide a fast signal when timing is critical.

Higgs factory”’

—nabling Technologies

® [he avalablity of ( ~8 glem’, Nuclear interaction length ~ 20.0 cm ) scintilating
crystals/glasses (currently a B&D program to find affordable crystals),

® [ne avalablity of robust, compact, and Inexpensive (they work in strong
magnetic fields)
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Dual Readout Calorimeter

Motivation for a Homogeneous lotal Absorption

The principal contributions to hadron energy resolution and non-linearity include:

—luctuations In nuclear binding: hadronic non-linear
response, different response to charged and neutral
pions.

Sampling fluctuations: fluctuations in the sharing of
shower energy between active and passive materials in
sampling calorimeters

Difference In sampling fractions: fluctuations introduced
from the difference in sampling fractions between
different materials

_eakage: Energy lost to neutrinos, muons and the tails
of the shower that escape the detector volume

Dual Readout

Totally active, homogeneous

Totally active, homogeneous

Total albbsorption

We can address these fluctuations by building a homogeneous

(totally active) total absorption dual readout calorimeter!

9
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Simulation Framework : CaTlS (Calorimeter and
Tracker Simulation

We could visualize the simulation process in these basic steps:

Event generation:
Define basic underlying

processes and convert ju
them into particles in
their final state.

Simulation:

Geant4, A powerful
tool to describe how
particles interact with
matter.

User needs to provide Geant4:

® Detector description,

® Jser actions,

® Choose/modity between physics lists,
® cfine input source (particle source,
momentum, profiles, etc.)

-* Analysis:
ol ROOT

Cals -> A step in between Event generation and Geant4 simulation tools

® —acllitates the description of the detector geometry by using a gdml file containing relevant
optical properties [refraction index, absorption length, etc. |

® ~rovides

» the possibility of writing the simulated events |persistency],

» input information [particle gun, general purpose particle source, Hep-evt|,
» sensitive detectors and Hit classes which are attached to the detector volume, and

» an analysis framework and the capabllity of filling histograms In various user actions.

® Allows for

» total volume (general) studies as well as for detalled study of single calorimeter cells, and
» the modification of the detector settings without having to recompile.

10
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Simulation Framework : CaTlS (Calorimeter and
Tracker Simulation

Created by Hans Wenzel, Paul Russo, Peter Hansen

Single event for 2.0 GeV pion
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Sampling Study

we read every other layer.

we read one out of three layers,

we read one out of four layers.

E[GeV]

-

Each layeris 2.5 cm
thick

100 layers in total
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Sampling Study

—— BGO no sampling
BGO 50.0% sampling
BGO 33.3% sampling
BGO 25.0% sampling
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33.3% Sampling detailed study
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T 18— .
> F S resolution.
LICJ 16E

e Radiation length comparable to layer width

12—

10F- Xo peo - 11.2 mm

8

n —

°F model 1 (1,4,7,..)

‘F 3 scenarios: = model2 (258, )

i3 | | | | | | | model 3(36.9...)

% 5 10 15 20 25 30 | cnre soomomeon o

Layer # 12} B
Lﬁ - model 1 (1,4,7,...)
Sing g lution, BGO homogeneous ¢ "'6 2 5 |

"'E 40 C s E : model 2 (2,5,8,...)
g E 02 ( ) — model 3 (3,6,9,...)
'5" 35—_ model 1 20_— o= 0.6629
s F (1,4,7,..) 43.75 N Mean = 16.61
8 30~ 1 L model 2 (2,5.8....)
° E  model 2 34.81 15— relative energy resgolution
D25 (2,58,.) ' -~ model 1 (1.4,7,..) sy (%): 3.87
s odel 3 - relative energy
o 20— | . . o= 0.6633

= (3.6.9..) 33.63 10—resolution (%): 4.0 eyl

15
.
10 0O — Cy -+
/' vV [: in
5 _ |
| | 'I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0.1 0.2 0.3 04 0.5 0.6 0.7

1/sqgrt(Ein.)

15 16 17 18 19 45
E[GeV]

13

—
N

martes 7 de agosto de 12



Summary

e We were able to manipulate tools provided by Geant4 to successfully
simulate a Dual Readout Calorimeter as well as to make use of the analysis

tools provided by ROOT. Both achieved by using C++ programing language.

e We have studied the details of shower development by looking at the
average electromagnetic fraction, the longitudinal profile, and sampling
fraction. In addition, we were able to study how different materials and
incident particles may modify the behavior of the calorimeter response as
well as to develop the necessary tools to establish a correlation between
these factors.

e We were able to estimate the resolution one can achieve with such a device
by manipulating the fluctuations involved in the process such as the
sampling fraction, optical properties of the material, containment, etc.

e We were able to compare Geant4 results to empirical formulas found in
literature (longitudinal shower profile, average electromagnetic fraction,

etc.).

16
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Sackslides
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Sackslides

Radiation
length

Nuclear interaction
length

Related to the distance over which a high energy (> 1GeV)
electron or position loses, on average, 63.2% of its energy
to bremsstrahlung (~10 cm).

Related to the average distance a high energy hadron has to
travel inside a medium before a nuclear interaction occurs.
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